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Abstract— In parallel communication the cost as well as complexity of the system increases due to simultaneous
transmission of data bits on multiple wires. Serial communication alleviates this drawback and emerges as a effective
candidate in many applications for long distance communication as it reduces the signal distortion because of its
simple structure. This paper focuses on the Verilog HDL implementation of UART with status register which supports
asynchronous serial communication. This paper presents the architecture of UART which indicates, during reception
of data, parity error, framing error, overrun error and break error using status register. In the proposed method for
error correction hamming code is used. By using the hamming code, single bit error can be detected and corrected.
The whole design is functionally verified using Xilinx ISE Simulator. In this paper we propose a technique for
software implementation of an UART with the goal of getting a customizable UART-core which can be used as a
module in implementing a bigger system irrespective of one’s choice of implementation platform. The simulation
results as well as the test results are seen to be satisfactory.
Keywords— Universal Asynchronous Receiver Transmitter; status register; Verilog implementation; Encoder,
Decoder and asynchronous serial communication.
I.
INTRODUCTION
In parallel communication the cost as well as complexity of the system increases due to simultaneous transmission of
data bits on multiple wires. Serial communication alleviates this drawback and emerges as effective candidate in many
applications for long distance communication as it reduces the signal distortion because of its simple structure. Universal
Asynchronous Receiver Transmitter (UART) is a kind of serial communication protocol to support full duplex
communication. It is mostly used for short- distance, low speed, low-cost data exchange between computer and
peripherals. UARTs are used for asynchronous serial data communication by converting data from parallel to serial at
transmitter with some extra overhead bits using shift register and vice versa at receiver. It is generally connected
between a processor and a peripheral. To the processor the UART appears as an 8-bit read/write parallel port. [1] - [6]. It
has many advantages such as simple resources, reliable performance, strong anti- jamming capability and easy to operate.
The UART is a large scale integrated circuit which contains all the software programming necessary to fully control
the serial port of a PC (Personnel computer). UART performs parallel-to-serial conversion on data bits received from the
host processor into serial data stream, and serial-to-parallel conversion on serial data bits received from serial device to
the host processor. It also adds the start and stop bit to the data for synchronization. In addition to the basic job of
converting data from parallel to serial for transmission and from serial to parallel on reception, a UART will usually
provide additional circuits for signals that can be used to indicate the state of the transmission media and to regulate the
flow of data in the event that the remote device is not prepared to accept more data [7]-[10].
In general the UART consists of three sub-modules namely baud rate generator, receiver and transmitter. The baud
rate generator is used to produce a local clock signal which is much higher than the baud rate to control the UART to
receive and transmit, the UART receiver module is used to receive the serial signals at RXD, and convert them into
parallel data and the UART transmit module converts the parallel signal into serial bits according to the basic frame
format and transmits those bits through TXD [11].
The outline of the work is as follows. Section II discusses about the proposed UART architecture. Section III presents
the simulation results of the proposed UART and Section IV presents conclusion.
II.
PROPOSED UART ARCHITECTURE
The proposed architecture of UART is shown in the figure 1.The proposed architecture consists of transmitter,
receiver, baud rate generator and line control register. Asynchronous communication is done using UART wherein the
clock information is not communal between the two units that are communicating with each other. For synchronization
some overhead bit are added to data bits while transmission which specifies that the data bits are transmitted in the form
of frame. The process of de- framing is done at the receiver input once the frame is received.
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Fig.1. Proposed architecture of UART
A. Line Control Register (LCR):
The line control register (LCR) is a byte register. It is used for precise specification of frame format and desired baud
rate. The parity bits, stop bits, baud rate selection and word length can be changed by writing the appropriate bits in
LCR format which is shown in figure 2.

Fig.2. Format for Line Control Register
B. Baud Rate Generator (BRG):
The baud rate generator is programmable by three control bits Bit 0, Bit 1 and Bit 2 in LCR.
C. Transmitter:
The transmitter section accepts parallel data, makes the frame of the data and transmits the data in serial form on
the Transmitter Output (TXOUT) terminal. Data is loaded from the inputs TXIN0-TXIN14 into the Transmitter FIFO by
applying logic high on the WR (Write) input. If words less than 8 bits are used, only the least significant bits are
transmitted. FIFO is a 16-byte register. When FIFO contains some data, it will send the signal to Transmitter Hold
Register (THR), which is an 8-bit register. At a same time, if THR is empty it will send the signal to FIFO, which
indicates that THR is ready to receive data from FIFO. If Transmitter Shift Register (TSR) is empty it will send the
signal to THR and it indicates that TSR is ready to receive data from THR. TSR is a 15-bit register in which framing
process occurs. Figure 3 shows the flow chart for Transmitter (Input to FIFO) and Figure 4 shows the flow chart for
Transmitter (FIFO to output).
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Fig. 3. Flow chart for Transmitter (Input to FIFO)

Fig. 4. Flow chart for Transmitter (FIFO to Output)

D. Receiver:
The transmitted data from the TXOUT pin is available on the RXIN pin. The received data is applied to the sampling
logic block. Figure 5 shows the flow chart for receiver (Input to FIFO) and Figure 6 shows the flow chart for receiver
(FIFO to output).

Fig.5. Flow chart for receiver (Input to FIFO)

Fig. 6. Flow chart for receivr (FIFO to Output)

The receiver timing and control is used for synchronization of clock signal between transmitter and receiver. Initially
the logic line is high whenever it goes low sampling and logic block will take 4 samples of that bit and if all four are
same it indicates the start of a frame. After that remaining bits are sampled in the same way and all the bits are sent to
Receiver Shift Register (RSR) one by one where the entire frame is stored. RSR is a 15 bit shift register. Now if the
Receiver Hold Register (RHR) is empty it sends signal to RSR so that only the data bits from RSR goes to RHR which is
an 8 bit register. The remaining bits in the RSR are used by the error logic block. Now if receiver FIFO is empty, it sends
the signal to RHR so that the data bits goes to FIFO. When RD signal is asserted, the data is available in parallel form on
the RXOUT (0-14) pins. The error logic block handles 4 types of errors: Parity error, Frame error, Overrun error and
break error. If the received parity does not match with the parity generated from data bits, then PL bit will be set which
indicates that parity error has occurred. If receiver fails to detect correct stop bit or when 4 samples do not match, then
frame error occurs and SL bit is set. If the receiver FIFO is full and other data arrives at the RHR, overrun error occurs
and OL bit is set. If the RXIN pin is held low for long time than the frame time, then there is a break in received data and
break error occurs and BL bit is set.
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E. Hamming Encoder:
The process of encoding is shown below:
1. Decide on the number of bits in the code word
2. Determine the bit positions of the check bits
3. Determine which parity bits check which positions
4. Calculate the values of the parity bits
The bit positions covered by each parity bit can be calculated by writing each bit position as a sum of the powers of 2:
1 = 1; 2 = 2; 3 = 1 + 2; 4 = 4; 5 = 1 + 4; 6 = 2 + 4; 7 = 1 + 2 + 4; 8 = 8; 9 = 1 + 8; 10 = 2 + 8; 11 = 3 + 8; 12 = 4 + 8
Thus, Check bit 1 governs positions 1, 3, 5, 7, 9: Value = 1 (0 0 0 1)
Check bit 2 governs positions 2, 3, 6, 7, 10: Value = 0 (0 0 0 0)
Check bit 4 governs positions 4, 5, 6, 7, 12 = 0 (0 0 0 0)
Check bit 8 governs positions 8, 9, 10, 11, 12 = 0 (1 0 1 0)
Thus, the complete code word is 1000 0000 1010.
The process of decoding is shown below:
A 1-bit error in this code word can be corrected as follows:
First, calculate the parity bits. If all are correct, there is either no error, or errors in more than 1 bit. However, we are
limiting ourselves to single-bit errors here. If the parity bits show an error, add up all the erroneous parity bits,
counting 1 for bit 1, 2 for bit 2, 4 for bit 4 and 8 for bit 8. The result gives the position of the erroneous bit, which can
be complemented to give the correction.
For example, assume the code word is corrupted to give 1010 0000 1010.
Check parity:
Bit 1: B1 _ B3 _ B5 _ B7 _ B9 = 1 _ 1 _ 0 _ 0 _ 1 = 1
Bit 2: B2 _ B3 _ B6 _ B7 _ B10 = 0 _ 1 _ 0 _ 0 _ 0 = 1
Bit 4: B4 _ B5 _ B6 _ B7 _ B12 = 0 _ 0 _ 0 _ 0 _ 0 = 0
Bit 8: B8 _ B9 _ B10 _ B11 _ B12 = 0 _ 1 _ 0 _ 1 _ 0 = 0
Thus the error is in bit position 1 + 2 = 3, and bit 3 can be inverted to give the correct code word:1000 0000 1010
III.
SIMULATION AND RESULTS
The designed UART is synthesized using Xilinx project navigator. The resource utilization of entire transmitter &
receiver module is as shown in Table I.
Table I Resource utilization of entire transmitter and receiver
Device Utilization Summary (Estimated Values)
Logic Utilization
Used
Available
% Utilization
No. of Slices
136
4656
2
No. of slice FFs
85
9312
0
No. of 4 i/p LUTs
258
9312
2
No. of IOBs
30
232
12
No. of GCLKs
1
24
4
The synthesis diagram of the top module of UART is shown in the figure 7.

Fig.7. Synthesis of the Top Module of UART
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The technology schematic report of the top module of UART is shown in the figure 8.

Fig.8. Technology Schematic of the Top Module of UART
The simulation results for the top module are shown in the figure 9.

Fig.9. Simulation results for the Top Module of UART
The synthesis report generated is shown in the figure 10.

Fig.10. Synthesis report for the Top Module of UART
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IV.
CONCLUSION
Universal Asynchronous Receiver Transmitter (UART) is a broadly used serial data transmission protocol which
supports full-duplex serial communication. It includes advantages, such as reliable performance, simple resources, easy
to operate and realize strong anti-jamming capability, and much more. The architecture of UART can detect various
errors such as parity error, stop error, overflow error and break error. This paper describes the architecture of UART that
support various data word length, parity selection and different baud rates for serial transmission of data. In the propose
architecture we are implement hamming code for error correction. Working principle of this UART has been tested using
ISE simulator, which can be implemented on FPGA. Additionally, we can detect the different types of errors occurred
during communication and hence correct them.
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